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ABSTRACT: 

PURPOSE: To provide a preamplifier circuit operated stably 
up to a high 

transmission bit rate while securing a wide dynamic range 
with respect to a 

photoelectric conversion preamplifier circuit used for an 
input stage or the 

like of an optical transmitter/receiver in the optical 
communication. 

CONSTITUTION: In the photoelectric conversion preamplifier 
circuit comprising a 

photoelectric conversion element 1 converting an optical 
signal into an 

electric signal and an inverting amplifier circuit 2 
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receiving the converted 

electric signal as an input signal and whose input terminal 
and output terminal 

are connected to a negative feedback resistor 3, the 
inverter amplifier circuit 

2 is formed as a multi-stage by employing plural inverter 
amplifiers 

2<SB>K/SB>-2<SB>3</SB>, a variable impedance elem^.t 4 is 
connected between 

the input output terminals of the 1st stage inverter 
amplifier 2<SB>K/SB>, an 

impedance control means 6 is provided, which controls an 
impedance of a 

variable impedance element 4 in response to an output 
signal of the 1st stage 

inverter amplifier 2<SB>K/SB> in the inverter amplifier 
circuit 2 of multi- 
stage configuration and when the input signal increases, 
the variable impedance 

element 4 is controlled so that its impedance is decreased. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] ,, ... 

[Industrial Application] this invention relates to the preamplifier circuit for photo electric translation 
used for the input stage of the receiver for optical transmissions in optical communication etc. 
[0002] ~ - • ■ - • 

[Description of the Prior Art] The preamplifier circuit for photo electric translation in the conventional 
receiver for optical transmissions is shown in drawing 5 . In drawing 5 , the photodiode which 1 receives 
an optical pulse signal and is changed into input signal current I, the reversal amplifying circuit to which 
2 amplifies the aforementioned input signal current I, and 3 are the negative feedback resistance 
connected between the input/output terminals of this reversal amplifying circuit 2. 
[0003] It is called a transimpedance type preamplifier circuit and the preamplifier circuit for photo 
electric translation of drawing 5 is the output voltage VOUT. It is Rf about the resistance of the negative 
feedback resistance 3. If it carries out, it will be given by VOUT =- (IxRi). 

[0004] By the way, the preamplifier circuit for photo electric translation in optical communication is the 
output voltage VOUT of the reversal amplifying circuit 2, if input signal current I becomes large too 
much in the case of the circuit of drawing 5 \ although a latus dynamic range is needed from the need of. 
performing high-speed transmission. Siijce it was saturated, the duty ratio of an output pulse changed 
and there was a problem that a dynamic range could not be taken more widely than if. 
[0005] Then, in order to solve such a problem conventionally, the input signal current I which flows into 
the negative feedback resistance 3 was shunted, and the method of preventing the saturation of a reversal 
amplifying circuit was taken. 

[0006] The circuitry is shown in drawing 6 . Setting to drawing 6 , 1 is a photodiode and 2 is three 
inverting amplifiers 21-23. The reversal amplifying circuit by which multi-stage composition was 
carried out, the negative feedback resistance whose 3 connects between the input/output terminals of the 
reversal amplifying circuit 2, and 4 are the inverting amplifier 21 of the first-stage eye of the reversal 
amplifying circuit 2. The N adjustable impedance-component slack MOSFET of part appropriation 
connected between input/output terminals and 5 are the automatic-gain-control (AGC) circuits of the 
main-amplifier section connected to the latter part of the preamplifier circuit for photo electric 
translation. 

[0007] In the case of the preamplifier circuit for photo electric translation of drawing 6 , input signal 
current I increases and it is the output voltage VOUT of the reversal amplifying circuit 2. If it becomes 
large, the gate voltage of FET4 is controlled by AGC circuit 5 of the latter main-amplifier section, by 
lowering the impedance between the (Drain D)-sources (S) of FET4, a part of input signal current I will 
be shunted to this FET4, and the saturation of the reversal amplifying circuit 2 will be prevented by this. 
[0008] 

[Problem(s) to be Solved by the Invention] However, since FET4 which carries out diverging of the 
input signal current I was controlled by AGC circuit 5 of the latter main-amplifier section in the case of 
the preamplifier circuit for photo electric translation of drawing 6 , while the speed of response to 
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change of an input signal was slow and secured the latus dynamic range, there was a problem that it was 
difficult to operate stability to a high transmission bit rate. 

[0009] It is offering the preamplifier circuit for photo electric translation which can operate to stability 
to a high transmission bit rate, the place which this invention was made based on the aforementioned 
situation, and is made into the purpose having a quick speed of response to change of an input signal, 
and securing a latus dynamic range. 1 
[0010] 

[Means for Solving the Problem] In the preamplifier circuit for photo electric translation which consists 
of a reversal amplifying circuit to which this invention made the input signal the optoelectric transducer 
which changes a lightwave signal into an electrical signal, and the this changed electrical signal, and 
negative feedback resistance was connected between input/output terminals While carrying out multi- 
stage composition of the aforementioned reversal amplifying circuit using two or more inverting 
amplifiers and connecting an adjustable impedance component between the input/output terminals of the 
inverting amplifier of the first-stage eye of the reversal amplifying circuit which carried out 
[ aforementioned ] multi-stage composition The impedance control means which control the impedance 
of the aforementioned adjustable impedance component according to the output signal of the inverting 
amplifier of the first-stage eye of this reversal amplifying circuit that carried out multi-stage composition 
are prepared. When an input signal increases, it is characterized by controlling so that the impedance of 
the aforementioned adjustable impedance component becomes small. 
[0011] 

[Function] If the input signal to a reversal amplifying circuit increases, impedance control means will 
detect this from change of the output signal of the inverting amplifier of a first-stage eye, and it will 
control so that the impedance of an adjustable impedance component becomes small. For this reason, a 
part of input signal which flows into negative feedback resistance is shunted to this impedance- 
component side, and the saturation of a reversal amplifying circuit is prevented. For this reason, it is lost 
that the duty ratio of an output pulse changes with the saturation of a reversal amplifying circuit. 
[0012] And since the impedance of an adjustable impedance . component is controlled using the output 
signal of the inverting amplifier of the first-stage eye of the reversal amplifying circuit by which multi- 
stage composition was carried out, die speed of response to. change, of input signal currettt . is very qttick, 
and operates to stability to a high transmission bit rate,. . 
[0013] 

[Example] Hereafter, with reference to a drawing, it explains per example of this invention. One 
example of the preamplifier circuit for photo electric translation which becomes this invention at 
drawing 1 is shown. Setting to drawing 1 , 1 is a photodiode and 2 is three inverting amplifiers 21-23. 
The reversal amplifying circuit by which multi-stage composition was carried out, the negative feedback 
resistance to which 3 was connected between the input/output terminals of the reversal amplifying 
circuit 2, and 4 are the inverting amplifier 21 of a first-stage eye. The N adjustable impedance- 
component slack MOSFET of part appropriation connected between input/output terminals and 6 are the 
amplifier for impedance control. In addition, the same sign was attached and shown in the same portion 
as the conventional circuit of drawing 6 . 

[0014] The preamplifier circuit for photo electric translation of this invention is the inverting amplifier 
21 of the first-stage eye of the reversal amplifying circuit 2 by which multi-stage composition was 
carried out as shown in drawing 1 . The amplifier 6 for impedance control is connected to an outgoing 
end, and the gate voltage of FET4 is controlled by this amplifier 6 for impedance control. 
[0015] Operation of the circuit of drawing 1 is explained with reference to drawing 2 and drawing 3 . In 
addition, drawing 2 shows the input-output behavioral characteristics of the amplifier 6 for impedance 
control, and drawing 3 shows the impedance characteristic of FET4. 

[0016] Input signal current I is in a normal operating range below a saturation region, and if the 
operating point of the amplifier 6 for impedance control at this time shall be a ** point in drawing 2 , the 
operating point of FET4 corresponding to this will turn into ** point in drawing 3 . Therefore, the 
impedance Z between D-S of FET4 in this case serves as an about [ lOKohm ] big value, as shown for 
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example, in drawing 3 . 

[0017] Now, input signal current I increases, if the current which flows to FET4 increases, the potential 
of the input edge A of the amplifier 6 for impedance control will change like ** point to ** point of 
drawing 2 , and the potential of an outgoing end B will become large. Thereby, the operating point of 
FET4 changes like ** point to ** point of drawing 3 , and as the impedance Z between D-S of FET4 is 
shown for example, in drawing 3 , it falls from lOKohm greatly to IKomega. 
[0018] As a result of this impedance fall, the amount of [ of the input signal current I to FET4 ] 
diverging increases, the input signal current I which flows into the negative feedback resistance 3 
decreases, and it is the output voltage VOUT of the reversal amplifying circuit 2. Since only the part is 
mitigated, the saturation of the reversal amplifying circuit 2 by increase of input signal current I is 
prevented. 

[0019] Therefore, it is lost that the duty ratio of an output pulse changes with the saturation of the 
reversal amplifying circuit 2. And inverting amplifier 21 of the first-stage eye of the reversal amplifying 
'circuit 2 by which multi-stage composition was carried out Since the impedance of FET4 is controlled 
using an output signal, the speed of response to change of input signal current I is very quick, and 
operates to stability to a high transmission bit rate. . 
[0020] The example of an analysis result by the computer of the putput wave by the aforementioned 
example is shown in drawing 4 /This drawing 4 makes ari input signal the pulse signal of transmission 
bit rate 28.8Mbps, and analyzes the output pulse wave of the reversal amplifying circuit 2 when 
changing various current value of this input pulse using a computer. Even if the current value of an input 
pulse changes so that clearly from drawing 4 , it falls with the standup position of an output pulse wave, 
and the position is fixed and it turns out that the duty ratio is kept constant. 

[0021] In addition, if it sets up so that it may set in the aforementioned example and input signal current 
I may become [ the output voltage of the amplifier 6 for impedance control at the time of the minimum 
receiving level ] smaller than the threshold voltage VTH of the gate of FET4 FET4 can be made into a 
cut off state (impedance infinity) at the time of the minimum receiving level of input signal current I, the 
influence of the thermal noise of FET4 at the time of the minimum receiving level can be eliminated, 
and only the part can reduce the input conversion noise at the time of the minimum receiving leveh : 
[0022] Moreover, although the N channel MOSFET was- used .as. an adjustable- impedance component in . 
the aforementioned example, not only this but naturally it can use [ a P channel MOSFET and ] other 
semiconductor devices, such as a bipolar transistor, as an adjustable impedance component further. 
[0023] . 

[Effect of the Invention] When calling at the preamplifier circuit for photo electric translation of this ; 
invention so that clearly from the place described above While carrying out multi-stage composition of 
the reversal amplifying circuit using two or more inverting amplifiers and connecting an adjustable 
impedance component between the input/output terminals of the inverting amplifier of the first-stage eye 
of this reversal amplifying circuit that carried out multi-stage composition The impedance control means 
which control the impedance of the aforementioned adjustable impedance component according to the 
output signal of the inverting amplifier of the first-stage eye of this reversal amplifying circuit that 
carried out multi-stage composition are prepared. Since it was made to control so that the impedance of 
the aforementioned adjustable impedance component becomes small when an input signal increased 
While the speed of response to change of an input signal becomes very quick and secures a latus 
dynamic range, stability can be operated to a high transmission bit rate. 

[0024] Moreover, since it set up so that the impedance of the aforementioned adjustable impedance 
component might become infinite at the time of the minimum receiving level of an input signal, the 
influence of the thermal noise of the adjustable impedance component at the time of the minimum 
receiving level can be eliminated, and the input conversion noise at the time of the minimum receiving 
level can be reduced. 
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[Drawing 5] 
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[Drawing 4] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram of one example of the preamplifier circuit for photo electric 
translation which becomes this invention. 

[Drawing 2] It is drawing showing an example of the input-output behavioral characteristics of the 
amplifier for impedance control in drawing 1 . 

[Drawing 3] It is drawing showing one example of the impedance characteristic of FET in drawing 1 . 
[Drawing 4] It is an analysis wave form chart by the computer of the pulse signal output by this 
invention circuit. 

[Drawing 5] It is the circuit diagram showing the 1st example of the conventional preamplifier circuit 
for photo electric translation. 

[Drawing 6] It is the circuit diagram showing the 2nd example of the conventional preamplifier circuit 
for photo electric translation. 
[Description of Notations] 

1 Photodiode (Optoelectric Transducer) 

2 Reversal Amplifying Circuit 
21 -23 Inverting Amplifier 

3 Negative Feedback Resistance 

4 FET (Impedance Adjustable Element) 

6 Amplifier for Impedance Control (Impedance Control Means) 
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